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Introduction

Brown and Wagner (Sept., 1986) performed a detailed analysis of the
PCB patterns exhibited by surficial and subsurface sediment samples
taken at 24 locatiops in the upper part of the Acushnet River Estuary
(Figure 1). For most sites, the A sample was collected at 5 - 7.5 cm,

t and the B sample deeper in the core at 15 - 17.5 cm. It is likely
that many samples of A and all of B are anoxic if not anaerobic. The
sediment samples were analyzed by high resolution glass capillary gas
chromatography (HRGC) using electron capture detection. The
analytical procedure yielded about 118 individual PCB congeners or
sets of eluting congeners. The PCB congeners were identified,
assigned an IUPAC number and given a calculated weight %
(concentration) or mole %.

Based on the PCB congeneric patterns, Brown and Wagner (Sept., 1986)
concluded that 1) Aroclor 1242 and 1254 PCB mixtures were the dominant
mixtures released to the system; 2) PCB mixtures had undergone
unquantified degrees of weathering, vertical transport and some
dechlorination at sub-surface levels, but little or no aerobic
microbial degradation or lateral transport between sediment sites had
occurred; 3) dechlorination patterns were different from those
observed elsewhere. The objective of this exercise is to apply the
statistical techniques of factor and cluster anlaysis to determine the
degree of similarity of PCB patterns site to site, and also site to
site variations.

Results

The data on the PCB congeneric patterns were organized as follows.
Each sample having a site designation (e.g., 2A means surface sediment
at site 2) provided for about 118 peaks representing PCB congeners and
corresponding to a calculated weight % concentration. An example of
Brown and Wagner's data ( Sample ID 2A) are given in Table 1. The
entire computerized data base is given in the Appendix.
Concentrations represented by peaks 2 and 3 were flagged as inaccurate



in the orginal report and were deleted from all sample compilations

leaving 116 peaks. In the factor analysis, peaks 1, 40, 114, 116 and

118 of the original data sets were deleted because all concentrations

were zero. This has no significant effect on the results. In the

computer printouts, case or symbol corrsponds to a particular sample

designation as follows:


Sample ID Site or Case Sample ID Site or Case


(Figure 1)


2 A 1 ISA 13 
2 B 2 18B 14 
5 A 3 19A 15 
5 B 4 19B 16 
9 A 5 • 21A 17 
9 B 6 21B 18 
12A 7 22A 19 
12B 8 22B 20 
14A 9 24A 21 
14B 10 24B 22 
17A 11 26A 23 
17B 12 26B 24 

Aroclor 1242 25 
Aroclor 1254 26 

Statistical analyses (factor; cluster) were performed on the data set

described above using SPSS-X, a comprehensive, integrated system for

managing, analyzing and displaying information. Calculations were

performed on a DEC-VAX-8600 computer in the University of Minnesota

Academic Computing Service and System. Data files contain the values

of PCB congeneric peak number and weight % concentration of each

congener measured for a set of sediment samples with identification

numbers as above. The factor analysis procedure is used to identify

"factors" which account for the observed correlations in PCB congener

patterns at a number of sites.


Principal component analysis (Table 2) showed that > 90 % of the

variability of PCB congeneric patterns at all sites could be explained

by three factors. Factor 1 included all but 5 samples and consisted

of PCB congeneric patterns most similar to Aroclor 1242. Fcator 2

contained two samples and Aroclor 1254. Factor 3 contained only two

samples. A simple varimax rotation of factor 1 and factor 2 yielded a

graphical representation of the factor analysis. Cases (numbers on

Figure 2 corresponding to sample ID's) heavily loaded on horizontal

factor 1 were most similar to PCB congeneric distributions in Aroclor

1242. Similarly, cases heavily loaded on vertical factor 2 (numbers

13, 14) were most simialr to Aroclor 1254. Cases not heavily loaded

on either (cases 10, 12) were not similar to either factor 1 or 2.

Most cases were loaded similarly on factors 1 and 2 but favored

horizontal factor 1.


Statistical analysis of these data is somewhat problematic in that the

PCB congeneric patterns exhibited by the sediment samples are similar

with a few notable exceptions. Inclusion of PCB congeneric patterns




for sediment samples in the inner and outer harbor would greatly

facilitate comparisons. The factor analysis plot in Figure 2

demonstrates that 1) PCB profiles at roost sites are approximated by

linear combinations of Aroclor 1242 and 1254 mixtures; 2) Cases 13 and

14 in Figure 2 corresponding to samples 18A and 18B are similar to

unweathered or undegraded Aroclor 1254; 3) Cases 10, 22 and to a

lesser extent 24 in Figure 2 corresponding to samples 14B, 24B and 26B

are dissimilar to either Aroclor 1242 and 1254. The PCB patterns in

these subsurface patterns appear significantly weathered and/or

degraded; 4) There is a suggestion that the most altered PCB patterns

are relegated to sediment sites to the north; 5) Samples taken deeper

in the core (B samples) exhibit PCB patterns more similar to Aroclor

1254 than Aroclor 1242. This could result from a combination of

variable Aroclor input strengths, physical weathering or degradation.

Other types of factor rotation (quartimax; equamax; oblimum) did not

generate different or additional conclusions.


Cluster analysis performed on the above data set using the method of

average linkage between two clusters is defined as "the average of the

distances between all pairs of cases in which one member of the pair

is from each of the clusters". This is the most common and usually

the most preferred of several methods. A dendogram is a physical

portrayal of the clusters being combined (Figure 3). The distance

(length of horizontal lines linking groups) represents the relative

differer ;e between clusters which are being combined. Long lengths

mean that dissimilar clusters are being combined.


The dendogram shows that 1) Sample 14B exhibits a PCB pattern

dissimilar to all others; 2) Samples ISA, 18B, 14B and Aroclor 1254

are all dissimilar to other samples based on PCB congeneric patterns;

3) All other samples are more similar than dissimilar and gather in

one large cluster. These PCB profiles then are combinations of

Aroclor 1242 and Aroclor 1254 but favoring Aroclor 1242.


These statistical analyses considered with the PCB pattern

interpretations of Brown and Wagner support the hypothesis that

weathering and/or degradation of PCBs is occuring in the sediments of

the Acushnet River estuary upstream of the inner harbor.

Unfortunately, the usefulness of factor and cluster analyses to

quantify this conclusion is limited by the general similarity of PCB

congeneric patterns as altered by in situ reactions. That is, these

samples exhibit characteristics of PCB microbial dechlorination.

However, this process does not alter the whole PCB profile

sufficiently to conclusively quantify this process using these

procedures. The statistical procedures do, however, support the

hypothesis that alterations have occurred resulting in different PCB

congener profiles at different depths at the same site and at

different sites.




Figure 1. Map of Upper .Acushnet River

Estuary sediment study area, showing

locations of collection sites.
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Ô

0
Ĉ
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